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-approach to such’corrective action. The nature and extent of contamination !
have been defined, and engineering, economic, and environmental feasibility of f

i

alternative solutions have been evaluated. Study included extensive field and
laboratory work. Data were gathered on fish, sediment, water, macroinverte-
brates, plankton, aquatic plants, mammals, birds, and reptiles in the area.
Additionally, efforts were made to secure all prior existing data.

Analysis of data provided quantification of pollutant transport by biological
(food chain) and physical (mostly hydrologic) processes. Data collected
during the current study have been compared to historical data to determine
extent of sediment contamination and rate of movement downstream. Groundwater
transport has been evaluated. .

Principal study findings include:
1. An extensive amount of DDTR exists in reservoir sediments.
2. DDTR is being moved slowly downstream.

3. Fish, particularly channel catfish, are contaminated with DDTR
throughout Wheeler Reservoir. q

4, Contamination of aquatic organisms, results from low levels of DDTR
that now exist in water and/or sediment.

5. Contamination of aquatic organisms also appears to be caused by !
migration of contaminated fish to relatively uncontaminated areas.

Remedial alternatives for mitigation were compared to the Natural Restoration
Alternative, which is to allow clean-up by natural processes. Alternatives
are based on various means of isclating DDTR from the environment and
include: (1) dredging or removing the contaminated sediments and placing them 3
Jin a secure landfill, (2) covering the contaminated sediments in place, and/or
(3) bypassing flow around the contaminated area. For the six final alternatives
details regarding engineering and economic feasibilities and environmental and ‘
regulatory impacts are presented. Time required for remedial results is also 1
discussed.
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DEPARTMENT OF THE ARMY ca 8
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REPLY TO May 4’ 1984 " e o i l
ATTENTION OF: - =
a5

Environmental Quality Section

TO ALL INTERESTED PARTIES: ‘// / i
In November of 1980 we sent you a copy of the Engineering and ~

Environmental Study of DDT Contamination of Huntsville Spring Branch,

Indian Creek, and Adjacent Lands and Waters, Wheeler Reservoir, Alabama,

prepared under contract by Water and Air Research, Inc. (W.A.R.) for

the Mobile District.

In a detailed review of the report data in preparation for testimony
in conjunction with a legal case, W.A.R. found that an error had been
made in the calculation for the total number of tons of DDT in Hunts-
ville Spring Branch (PFSB) and Indian Creek (IC). According to Dr. James
H. Sullivan, Project Manager for W.A.K., this error resulted from two
causes: (1) a misinterpretation of the units for some of the data
received from the Tennessee Valley Authority and (2) some wrong data
being entered into the computer program that calculated the total DDT
present. This error impacts all references to the total amount of DDT
present at any particular location in the HSB-IC system. However, it
has no impact on concentrations of DDT in sediments or on any of the
impacts of DDT on fish or other species.

The main difference between the old and new figures is the total,
637 tons originally vs. 475 tons now. Another difference is that the
new figures show that the majority of the DDT is in the channel, not
the overbank. The relative amount of DDT in each stream reach has
changed very slightly as follows:

Stream Reach 01ld Data New Data

Upstream of Dodd Rd. in HSB 95.9% 97.8%

Dodd Rd. to IC 3.1% 1.4% :
Indian Creek 1.0% 0.87%

W.A.R. has considered the possible impact of these new figures on
the clean-up alternatives proposed in 1980. Their conclusion is that
there is no change. The most significant facts that led to the
selection of these alternatives were: (1) that fish were highly con-
taminated in all parts of the HSB-IC system and even in the Tennessee o
River, (2) that a significant amount of the fish contamination
appeared to be resulting in situ from very low sediment concentra- ‘

1

tions, and (3) that the concentrations of DDT in sediment in all

parts of the HSB-IC system were well above that which would result in

fish concentrations above 5 ppm. Hence, the alternatives that deal

with clean-up of all contaminated parts of HSB-IC are still valid. r
This is not meant to imply that other alternatives could not be

developed that might be appropriate, only that the error found in the i
original work does not impact the alternatives developed at that time.
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In response to our request, W.A.R. prepared pages to be inserted
in the report. These pages incorporate all changes resulting from
correction of the sediment DDT calculation error as well as the errata
sheets dated January 1981. The enclosed revision pages should replace
all pages in the original document with corresponding page numbers.

We regret the error; however, we feel that it does not alter the
basic conclusions of the 190 report. If you have any questions about
these revisions, please call Dr. Diane Findley at 205/694-3857 or
FTIS 537-3857.

Sincerely,

//( < /[LJ€ . IC L ot
Willis E. Ruland

Chief, Environment and Resources i
Branch !

Enclosure
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Each page has been stamped "KREVISED April 1984" even though the revisions may
exist only on one side.
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eXECUTIVE SUMIMARY

1.0 INTRODUCTIUN

This report deals with DDTKk contamination in northeast Alabama in the
Tennessee River system from Mile 260 to 375 which incluaes wilson,
Wheeler, and Guntersville Keservoirs. The primary area of interest is
the Huntsville Spring Branch - Indian Creek (HSB-1C) tributary system
which enters the Tennessee River (TK) at Mile 321. From 1947 to 1970 a
privately operated DUT plant on Keostone Arsena. discharged waste
containing DUT residues (UDT + LUD + LUE), commonly referred to as DUTK.
A major impact of these resicues has been the contamination of certain
fish species to DUTR levels exceeding the 5 ppm limit set by tne Food and
Urug Administration (FUA) for edible portions ot fisn,

In the spring of 1479 an engineering and environmental study was
initiated by the Department of the Army, with study management by the
U.5. Army Corps of Engineers, to establish the basis ror determining
whether corrective action is required, and if so, the engineering
approach to such corrective action. This contract report to the Corps
defines the nature and extent of the contamination and evaluates the
engineering, economic, and environmental feasibility of a broad range of
alternative sclutions. The study included extensive field ana laboratory
work performed largely by the Tennessee Valley Authority (TVA). vata
were gatherea on fish, sediment, water, macroinvertebrates, plankton,
aquatic plants, mammals, birds, and reptiles in the area. Additionally,
etforts were mace to secure all prior existiny data relevant to this
subject.

Une area specifically excluded from this stucdy was human health effects.
That aspect of the problem is being investigated by the Center for
Disease Control in Atlanta.

2.0 EXTENT UF THE PKOUBLEM

Historically, wastes from the DUT manufacturing plant flowed down a ditcn
to HSB at about Mile 5.4. Records exist indicating contamination of
sediments in HSB to levels exceeding 10,000 ppm as early as 1963. In
1970 analysis of fish from the area showed some samples from both Wilson
and Wheeler Reservoirs exceeding the 5 ppm criteria. In the early
1950's, bird population estimates for Wheeler National Wildlife wefuge,
wnich includes the contaminated area, showed declines of certain species.
However, since many of the species were migratory, it cannot be
definitely concluded that this contamination caused the decline.

In the late 1970's much more extensive information was gathered regaroing
the extent of contamination in sediments, water, plants, and animals. It
is estimated that some 475 tons of UDUTKR currently exists in the sediments
of HSE and IC. About 34 nercent of the DUTR is in the top 6 inches of
sediment. OUn an areal basis, about Y7.8 percent of the JUTK is in HSH
upstream of Dodd Koad between Miles 2.4 and 5.4. Another 1.4 percent is
in the lower 2.4 niles of HSB and the final u.8 percent is in the lower 5
miles of IC. About 9Y.9 percent of the UDTK is in the bottom sediments
with the remaining amount in the water, plants, and animals.
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DUTR is being slowly moved downstream througnh the HSE-IC system and out
into the TR. Very low, but detectable quantities of LUTR exist in TR
sediments downstream of IC.

Fish surveys made n 1979 and 1980 ingicate tnat fisn, particularly
channel catfish, in the IC area have 00T/ concentrations well above the
5 ppm level, many greater than 50 ppm., [t appears tnat channel cattish
are the most contaminated species and that they may have UuTk levels
above 5 ppm in essentially all parts of wneeler Keservoir., Smallmouth
buffalo are contaminated to a lesser aegree but at some locations had
greater tnan 5 ppm DUTK. Largemoutn bass generally haa less than 5 ppm
LOT althougn some individual fish haa concentrations greater than 10 ppm.
White crappie, white bass, and bluegill generally appear to nave levels
less than 5 ppm but may exceed linits in the IC area.

Two factors seem to uve causing high levels of UUTK in catfish ang small-
mouth buffalo in the Tk, First, the level o7 UUTK in the Tk downstream
of 1C, althougi low, is surficient to cause ai elevatea pase level of
contamination. In channel catfish this base appears to be near the 5 ppm
criteria. Second, migration of fisi from the wore coiitaminated area of
IC results in high concentrations at other sites above what would be
produced by local contamination.

Elevated levels of DUTK have veen founa in birds and other animals in the
area and particularly in those living near HSE and I[C.

[n sunmary it appears that:
1} an extensive amount of UUTK is in the sediments of HSB dand 1C

2) this UUTKR is being slowly moved through the HSB-IC system and
out into the TR

3) fisn, particularly channel catfish, are highly contaminatea with
DLDTR in IC ang throughout Wheeler Reservoir they nhave DDTR levels above
the 5 ppm criteria

4) contamination of fish in the TR results from low levels of LUTK
that now exist in the water and/or sediment downstream of IC

‘ 5) contamination of fisn in the Tk also appears to be caused by the
migration of contaminategd fish to areas relatively uncontaminated.

3.0 ALTEKNATIVES FUR MITIGATION UF THE PRUBLEM

A full range of alternatives for mitigation of this problem was
investigated. All can be compared with the Natural Kestoration
Alternative which is to allow the situation to be cleaned up by natural
processes. Unfortunately, it appears that this alternative has little or
no chance of significantly improving the situation in any reasonable time
period. y
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APPENDIX IIT: ALTERNATIVES FUR MITIGATION OF DUT CUNTAMINATION IN
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production rates or waste generation. The plant capacity was
approximately 25 million pounds per year. In 1954 (lin mathieson
Chemical Company became the lessee ana continued¢ ULUT manufacture.
Records do show a production rate of 2.25 million pounds per month for
all or some part ot 1Y69. Increasingly stringent effluent standaras
(20 parts per trillion) were a factor leading to the decision to
aiscontinue DUT proauction in June, 1970.

2.2 WASTE TREATHENT HISTORY

No records were found indicating any type of wastewater treatment prior
to 1905. In that year an effluent stanadard of 10U ug/l (parts per
pillion) was established by federal officials and a settling basin or
tank was installed. It was reportea that the pasin frequently filled to
overflowing with solids. In 1967 aaditional settling capacity was added.
A new discharge ditch was constructed parallel to the.old aitch, which
was treated with lime and ferrous sulfate and fillea in. In February
1970 carbon filtration was added. In 1970 the Federal Water Quality
Administration lowered the eftluent limit to 0.020 uo/l DUTK. Production
was terminated by June 1970. Two other pesticides were later manu-
factured at tne site; trichloroacetonitrile (TCAN) for less than a month
and methoxychlor for about six months. The plant was demolished in early
1y72.

2.3 RESTURATIUN WUKK UN REDSTONE ARSENAL

Extensive restoration of the manufacturing site has been carried out.
Initially, upstream drainage was diverted around the site. Runoff from
the site was routed to the waste drainage ditch. Two retention dams

were constructed in the aitch. A water filtration/carbon adsorption unit
has been installed to treat water in this ditch. Surface soil at the ola
plant site was removed and buried in a State approved landtill located on
Kedstone. Excavation and landfilling of the contaminated sediments in
the ola ditcn has been accomplished and stabilization of other UUTR
disposal sites and installation and operation of a subsurface water
monitoring system is being carried out. For purposes of the subject
study, it was assumed that no further contamination of HSt would result
from remaining DUTR on Redstone Arsenal.

2.4 HISTUKICAL ENVIKONMENTAL CONTAMINATION

2.4.1 Water and Sediment

No records were found of environmental monitoring prior to 1963. At that
time the U.S. Public nealth Service sampled water and seaiment in
Huntsville Spring Branch, Indian Creek, and the Tennessee River.

Elevated VUTK concentrations were observed particularly in Huntsville
Spring branch and Indian Creex. Comparison of sediment DUTR con-
centrations reported through tne years shows no significant variation
witn. time. Indian Creek values are roughly in the 10-50 ug/yg (parts per
million) range, Huntsville Spring branch from Mile U to 2.4 in the
50-34,00u ug/g range, and Huntsville Spring Branch from Mile 2.4 %0 5.4 in

FHECEDING PaGE BLANK

~NOT FI1.MED
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the 100-25,000 ug/q renge. The wide variation in the latter reach
results in part from the unequal distrivution of UDTK across tne wiac
floouplain that exists there. S0 callea "hot spots" exist in the channel
and overbank in this reach which may or niay not have been sampiea in any
particular survey. Uverall, the existiug historical data do not show any
signiticant change in sediment concentrations in Indian Creek ang
Huntsville Spring Branch from 1963 to 1479.

2.4.2 Fish and wild]i‘g

The first testing for DUTK in biota appears to have occurreg in 1964.
Wildlife collected near runtsville Spring Branch incluaged crows, swamp
ana cottontail rabbits, opossum, and gray fox. All species except the
rabbits haa average .LUTK concentrations over 1U ppm in muscle tissue.
One crow haa 119 ppm DUTK.

As early as 1Y55, oird papulation estimates for Wheeler Wilalife Refuge
showea a gecline in Oouble-crestea Cormorant populations. Other species,
particularly raptorial birds, showed declines in the 1960's. LUTK may
nave been a factor i1n sume aof these declines but there is not sutfficient
aatda to establish such a relationship. tven if DUTK were & factor,
rationwice ar even regionwide agricultural usage may have peen nore
important than the DUTR in HSB ana IC.

The first reported fish survey aata are from 197u. At that time white
bass and channel catfish in Wheeler Reservoir had fillet DUTK concentra-
tions up ta 8.5 and ¢¢.¢ ppn respectively. In 1971, a statewide survey
reportea elevated levels of DUTK in fish from the Tennessee River.
Analyses were made in the 14975-77 period on aressed fisn from markets in
the drea. Most fisn haa DUTK levels below the 5.0 ppm FUA Timit oput one
catfish had 115 ppm. In 1977, three surveys were mace in the area.
Whole boay analyses were performea and many fish from the HSB-1C area had
concentrations over 100 ppm. Similar results on other whole boay
analyses were obtained on fish sampled oetween 1977 and 1979. In 1977
ana 1978 analyses performed on fillet samples showea hign DUTK concen-
trations with several samples over 10U ppm. Consistently, the higher
concentrations were found in the HSB-IC area ana the TK witnin 1lU miles
ot the IC canfluence.

3.0 PRESENT S{TUATIUN

3.1 UISTRIBUTIUN OF DUTK
3.1.1 Sediments

Huntsville Suring Branch and Inaian Creek--The mass aistiibution of DuTk

1 1L and hdo 1S shown in iable i. About 97.8 percent af the LUTK is
located upstream of Dodd Road in HSB. mnother 1.4 percent is in HSB
between Uodd koad and IC. About 0.8 percent of the total is in IC.
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Table 1. Dist~ibution of DDTR In Sediments

- e . o > - - - - - ——

Tons as LDT

voT

-l >

bub ULE UUTR

— - D B P WA T I s B B A D A WA WD WP D B A D " B B Vot DU D B D B B Wy P

Location Uvepth
Upstrean of Dodd Road u-6"
6-12"
12-24"
>24"

TUTAL
Vodd Road to Mouth of 0-6"
Huntsville Spring Branch b6-12"
12-24"
<24"

TOTAL
Indian Ureek v-6"
6-12"
12-24"
>24"

TOTAL

OVERALL TUuTAL

90.4

105 -~
8b.0
331

KD

2.1

0.54
0.12
0.00
2.76

0.54
0.16
0.17
J.ul
T8

318

45.0  19.7 155
35.9  14.6 156
22.5 6.4 115
59 1.0 39,3
05— 97 365
1.9  0.63 4.6
0.79  0.36 1.7
0.12  0.07 0.31
0.00 0.0 0.00
78I TO06 .61
u.84 0.6V 2.0
0.26  0.27 0.69
0.33  0.33 0.83
0.01  0.00 V.02
T4 T2 354
1S 44 475

- . —— D P B s WP W D B A B A AL A B Wt A A T U U D B DTS BB B D W BN Al WP D D oD A D e oy ey . ———

Note: All results have been rounded to no more than three significant

figures.
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About 34 percent of the DDTR is contained in tne top six inches of
sediment and about 67 percent is in the top 12 inches.

The DDTR areal agistribution 1n pounds per acre for the most contaminated
area of HSb is shown in Figure 5. The most contamination exists in the
channel and overbank upstream of Doad Road (HSBM 2.4).

DDTR concentrations in stream bottouwm and overbank samples are snown in
Table 2.

Tennessee Kiver (Excluding Huntsville Spring Branch and Indian
Lreek)--Detectable quantities ot DUTR were tound in all (9 total) surface
sediment samples in the Tenressee River from Mile 30U in Wheeler
Reservoir to Mile ¢6U in Wilson Reservoir. Hard or rock bottom
conditions precluded sediment sampling at some locations. The average
concentration actually detectea was 0.0 ppm with a range of 0.05 to

0.10 ppm. It isomers not detected were considered at stated detection
limits, the average would increase to U.18 ppm with a range of 0.16 to
0.19 ppm.

Mo DLTK was detected in four samples from TRM 320.8 to 375.

Uetectable concentrations of DUTR were found in three of seven
tributaries to Wheeler Reservoir. Two, Limestone Creek and Spring Creek,
are located below Indian Creek and the other, Paint Kock River, above.

Total estimated DUTK amounts in sediments, excluging HSs-IC, is as
follows:

Tons

Tennesse2 River Mile ¢75-300
Wilson Keservuir
Other TR Tributaries

oC
c s &
[
cCc -
[ Z =)

Total 1.8 - 2.9
3.1.2 Water

In the Tennessee River samples taken in July-August 1979 were below
analytical detection limits. In December 1479 low but detectadrle
{generally < lug/1) quantities were found, primarily in water samples
taken near the bottom. Samplinyg during storms in the IC-HSB system
showed DUTR concentrations up to 17.8 ug/1, most of which was associated
with the suspended solids. Overall, the amount of DDUTK that can be
expected in the water column in Wheeler Keservoir at any one time is
estimated to be less than 0.3 tons to not over 1 ton.

3.1.3 Biota

Estimates were made of the total DDTk contained in the following groups:
macroinvertebrates, birds, fish and other vertebrates. The area included

: REVISED APRIL 1984




Table 2. Summary of Strean Bottom and Overbank Sediment DDTR Concen-
trations in Indian Creek, Barren Fork Creek and Huntsville
Spring Branch, August 1979.

Sediment
Location Depth No. DDTR “oncentration* (ppm as DDT)
Horizon Samples Mean Range
ICM 0-5 0-6" 18 17.8 <1.01 - 30.8
6-12" 10 8.88 4,65 - 15.2
12-24" 10 5.83 <0.81 - 15.8
24" 3 0.61 <0.16 - 1.51
Overall 8.75 <0.16 - 30.8 |
1
HSBM 0-2 4 0-6" 15 97.8 <2.26 - 403
6-12" 14 9.99 <0.13 - 42.1
12-24" 8 3.30 <0.37 - 9.77
>24" 2 0.72 <0.66 - 0.78
Overall 38.1 <0.13 - 403 |
HSBM 2.4-5.4 0-6" 54 1,360 <0.86 - 14,700
6-12" 45 2,160 <0.09 - 30,200
12-24" 28 299 <0.19 - 2,730
»24" 3 1,820 <0.38 - 12,100
Overall 1,540 <0.09 - 30,200
HSBM >5.4 0-6" 3 0.63 0.63
6-24" 3 0.48 0.48
12-24" 3 0.30 0.30
Overall 0.47 0.30 - 0.63
Floodplain® 0-6" 11 0.95 0.13 - 2,820
BFC Overall <0.94 <0.94
NOTES:
1

A1l less than values assumed equal to siated value.

2 Mean excludes station HSB FP 1, floodplain static- negr mouth of

"0ld Waste Ditch", and includes "Fioodplain" stations in Indian ‘
Creek. !

11 |
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for fish and macroinvertebrates was Wneeler Reservoir. For birds ana
other vertebrates, Wheeler National Wildlife xefuge was considerea.
gecause precise data are not available for either total populations or
average DUTR concentrations, these gata snould be consideread only as best
estimates. The purpose of this data is to show the total amount of DOTR
in biota for comparison with amounts in other substrates. Tne biological
significance ot DUTR in biota 1s discussea in other sections of this
report.

Total DUTK
Organisin Pounas Tons
rlacroinvertebrates 14 0.007
Fish 34 to 34u 0.017 to U.17
Biras 2 0.001
Uther Vertevbrates b . U.0U3
Total 56 to 352 0.03 to 0.18

3.1.4 Uverall vistribution of DDTK

uverall, the DUTK is contained predominately in sediments as shown
below.

Substrate  Location Tons LUTK % of Total
Sediments HSB-IC 475 99.4
Sedinents Wilson and Wheeler 1.8 - 2.8 u.4 - U.b
excluding HSB-IC
Water .3 - 1. 0.0 - 0.¢
Biota 0.03 - 0.18 <V.006 - U.04
 Total 477 ~ 479 100

3.2 CURRENT CUNTAMINATION LEVELS

3.2.1 Plankton

No accurate analysis of LUTR in plankton could be made as it was not
possible to separate the plankton from inorganic suspended solids which
also contained hign concentrations of ULDTk.

3.2.2 Macroinvertebrates

A strong relationship between UDUTR concentration in macroinvertebrates
and location relative to contaminated seaiments is evident. In the
Tennessee Kiver macroinvertebrate UUTR concentration ranged from

0.U2 to V.50, in Indian Creek from 24 to 355, ana in Huntsville Spring
branch from 2.5 to 2,710 ppm. -
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Table 4. Sunmary of DDTR Results of July-October 1979 Fisn Survey

~—— -

Channel Smallmouth Largemouth Bluegill
Location Catfish Buffalo Bass
CeM 2 56(3.3-139) 0.15 0.352 0.25
EKM 5 1.2(0.4-2.3) 1.35 0.05 0.05
ERM 10 0.55 1.1 0.05 0.05
EKM 15 0.4 0.2% 0.U5 0.U5
FCM 5 3.75(0.15-19.1) 0.25 0.15 0.2
FRA | 0.5(0.1-2.6) --- 0.0% 0.05
1M 2 186(15.5-627) 16.2(2.2-44) 1.4¢ 4.2(2.1-6.6)
LCw 3 4.3 5.4(0.25-1.1) 0.15¢ V.15
PRKA | 0.2(0.2-2.6) G.4 0.05 0.05
SUM 1 1.95 181 0.U5 0.05
TRM 260 0.6 - 0.1 0.05
TKH 265 08 = 0.0% g
Tk 270 1.3 1.6 U.152 .2
ThM 275 1.8(1.2-10.1) 3.9 0.5 0.15
TKM 280 ik 2.8 0.05 0.1
TKM 285 -—- u.7 0.5 0.05
TKM 290 2.0(U.45-2.2) 5.1(0.25-4.5) 92.15 0.05
TR 295 1.9 2l 0.10 0.05
TR 300 12.501.4-46.3) 0.9 0.4 0.052
TRM 305  12.8(1.3-21.0) 0.3 0.152 0.05¢
TRM 310 1.2 3.2 0.152 0.2
T’M 315 99.1(3.0-40.0) 2.75 y.24(0.5-3.1)1 0.25
TKM 320 9.6(0.8-22.0) 1.2 2.8 0.7
TEM 325 0.3 1.3 6.0 0.15
TRM 330 0.35 0.9 2.3(0.55-16.1) 0.1
TRM 335 0.35 0.6 7.3(1.9511.9) 0.05
TKM 36U 1.2 0.7 0.4 0.1
TKM 345 1.2(0.8-3.7) 0.5 1.5 0.05
TRM 350 == e 0.25 0.05
TRM 375 0.15 0.5 0.05 0.05
TRM 40U =52 0.6 0.05 0.05

P -

Notes: First number is DUTR concentration in a six fish composite.
tion ir ug/g.

Concentra-

Numbers in parenthesis are range of results from individual fisn

analyses.
Fillet samples for all species shown.
TkM ¢6U-270 in Wilson Reservoir,
TaM 350-400 in Guntersville Reservoir.
All other sites in Wheeler Reservoir,
1Unly two individuals analyzed.

Zresults may ve low - run on 12 December. See (uality Assurance Document.

3LPA got 9.4 for this sample.
AEPA got 25.4 for this sample.
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Table 5. Summary of DUTK Results of June-July 1Y80 Fish Survey

Lomposite Individual Fisn Samples
Location Species Sample Average Kange
TRM 275 cC 9.3 11 4.5-25
TkM 280 CL 8.5 8.5 5.5-13
TRt 285 cC 15 9.5 2.8-19
TRM 240 CL 15 13 3.5-2¢
TRM 295 cC 15 14 4.7-31
TKM 36U Ll 9.0 11 3.0-18
TRM 305 cc 10 14 9.7-2¢
Tk 310 LL 9.2 9.2 3.8-17
TKM 315 cC 5.4 7.6 3.3-13
TkM 320 cC 120 120 13-36U
TRM 325 cC 100 190 0.74-1100
T 330 Ll 34 32 2-14v
TKM 340 cC 25 33 1.5-180
FCM 5 cC 50 45 10-150
LCH 3 (e 14 13 ¢-28
StM 1 cc 5.8 5.0 2.6-9.1
TR 250 SmB 6.4 3.9 2.3-6.8
TRM 290 St 12 10 3.4-21
TKM 300 SMB 6.3 5.0 1.3-10
TkM 310 Shir3 4.3 4.0 1.4-6.1
TRM 320 Shis 25 24 0.43-48
TKM 330&340 SMB 0.89 0.95 0.25-2.5
TRM 285 LMb U.38 U.3b 0.11-u.8v
TKM 345 LMB 2.1 2.4 0.35-7.4

Concentrations in ug/g
Cl=Cnhannel Catfisn, SMB=Smalimouth Buffalo, LMB=Laryemouth Bass.

Six ingiviaual fish were taken at each sampling location. All analyses
were in fillet sampies.
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smalimouth buffalo appear to be contaminated, particularly at and
downstream of [C. Largemouth bass have lesser overall contamination but
some individual fish had relatively hiyh UUTR levels.

Method of Contamination--The source of contaminated fish in the Tennessee
River s of signiricant concern. Several possibilities exist. The river
could contain surticient UDTk residues from IC-HSB or from other sources
to contaminate fisn. The contamination could result from fish becoming
contaminateg in [C-md8 and migrating out into the river.

Sediment andlyses clearly show the 1C-HSB system as being ¢ majour source
of UDTK. Further, it nas been shown that at least some UDTR is being
transported out o the IC-HSB system to the TK. Sediment and water
analyses for the TK and tributaries indicate no other significant source
or DUTK.

Except for the unexplained hign levels in channel catfisn at Flint Creek
Mile 9, the pattern of contamination for inugividual fisn in the June-July
1980 survey also suggests hSbk-IL as the primary source of DuTk.
Downstream of IC more than 8C percent of the catfish haa UUTK levels
above 5 ppm. it seems likely that such a consistent pattern ot
contamination woula result from in situ conditions rather than migration.
Above IC individual fish concentrations were more variable and sugyested
migration as a likely source of upstream contamination.

3.2.4 Birds

Current data for DUTR in Green Herons and Wood Ducks from TkM 271 to 402
are reportee in this study. Biras from the [C-HSB area had almost an
order of magnitude higher UDTK concentration than birds from other parts
ot the study area. both Crows and Mallard ducks collectea in February
1979 had geometric mean DUTK concentrations of 4.0 ppm in muscle tissue.
Mallard wing analyses tor the 1978-79 hunting season showed order of
magnitude higner UUTK levels for biras from Limestone and inadison Coun-
ties as compared to other Alabama counties surveyeo. The Arsenal is in
Madison County anc Limestone is the next county west.

3.2.5 Mammals

LUTK levels in shrews were 5¢ ppm in HSE and no higher than 7.7 ppm in
five other areas. wuskrats from HSE had 0.26 ppm UUTx and less than half
that in five otter areas. Cottontail and swamg rabpits from tne Arsenal
contained mean concentrations of 0.27 and U.25 ppm DUTK.

3.2.6 ZReptiles
Suapping turtles and water snakes from HSB had UDUTK concentrations of

0.45 and 1.8 ppm respectively. These were the highest values reported in
samples from this area.
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3.¢.7 Vascular Plants

Buttonbusn samples from HSH had a DLTk concentration of 0.065 ppm
compared to 0.005 ppm at TKM 359 upstream. Uuckweed troum the most
contaminateg stretch of HSB had concentraticns as nigh as 5.6 ppm.
Hibiscus was found to contain 0.78b ppn QUTR in HSB compares to 0.u04 ppm }
at TRM 359.

3.3 ENVIROWMENTAL T#NSPURT OF DUTK

Of particular concern in evaluating the current situdation and predicting
future conditions is tne stability of the LUTR now 1n the system, Is the
contamination spreading and if so, nhow? Or is the DOk oegrading and/or
becoming isolates from the rest of the environment? Two means of
transport were considered, physical and biological.

3.3.1 Physical Transport of DUTK

Because tne vast majority of DUTR is founo in the seoinents, processes
which would tena to nwve sediments were of particular interest. Thus
sediment transport, particularly during hign fiow storm events, was
expected to be important. Sampling was carried out during a number of
storm events at four locaticns in the ndB-IC system to evaluate ULUTK
transport. Feasurements, incluaing rainfall, stage, aiscnarge, suspended
soiids, volatile suspenaed solids as well as suspended (i.e., passing a
bsu sieve ang retaines on a Vviu gilass fiber filter) ang aissolved/
suspendec (1.e, passing a “Mu giass fiper filter) uDTk concentrations,
were mdde a number of times during eacn storm runoff event. Usable uata
were obtained from three storm events.

In order to estimate DODTK transport rates, multiple regression models
were developed relating suspended DUTK transport rates to samnpling
locations, discharge, type of runoft event (i.e., headwater or tailwater)
and the transport rate of the corresponding susperded solids lraaging rate
(1.e., <b3u ana >lu) and relating dissolved/suspended UUTK transport 1
rates to sampling locations, discharge and the volatile suspended solids
loading rate (i.e., <63u ana >lu). Seascnal and annuai flow duration
relationships were developed at each sampling location, the secsons
winter (November-april) and summer (May-October) being defineo with ;

g respect to wWheeler Keservoir operational procedures. Suspended and 1

‘ volatile suspendeo solids loaaing rates were related to sampling location 4
and discharge utilizing multiple regression techniques. The frequency
with which tailwater runoff events occurreoc in the lower reaches of
HSB-IC were estimated from an examination of tne regionai topography and
seasonai stage quration reiationships developed tor the Tennessee River
at Whitesourg, Alabama. The cembination of these cata yielaed estimates
of the seasonal and annual UUTK transport rdates within and out of the 3
IC-H5B system. Predicted ennual DuTR transport rates and 95 percent
contioence limits are as tollows:

S S
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DuTk Loading Y5% Confidence Limits
Location (tons/yr as DLT) (tons/yr as DDT)

Upstream of 0lg LDT Waste Ditch:

hSbM 5.9 0.01 0.006 to v.05

Downstream of Uld VDT waste Ditch:

HSBM 2.4 U.b2 0.25 to l.b
ICH 4.0 0.99 U.44 to 2.2
I 0.9 V.04 v.31 to 1.3

ns these figures indicate, DUTK is being scoured upstream of Dodd Koad
and is being transported downstream to tne Tennessee Kiver. Uver two
thirgs of the UDUTR transport out of the IC-HSB system occurs during the
winter montnus (Nov-mpril). The DUTK loaa to the Tennessee River is about
equally dividea between the suspended fraction, associated witn silt and
medium and coarse clay sized materials, and the dissolved/suspendea
fraction, either dissolvey or associatea with fine clays and colloidal
material. It should be noted, that at the rate at which the DUTR
contamination in the IC-hSE system is being transported to the Tennessee
River by fluvial transport processes, i.e., 0.07 to U.27 percent per
year, it will take centuries to flush the system.

3.3.2 Bioloygical Transport of UDTR

Compared to sediment amounts, the very low total amounts of DUTK in the
biota make biological transport an unimportant factor in the overall
dispersion of DUTK. However, food chain links can be an important mode
of contamination for biota.

4.U AMLTERNATIVES FOR MITIGATIUN OF UOT CONTAMINATION IN HUNTSVILLE
SPRING BRANCHh ANU INDIAN CREEK

4.1 INTRODUCTIUN

Six alternatives are presented for mitigation of DUTK contamination in
HSB and [C. They are:

A) hatural Kestoration,

b) Lredging and Disposal,

C) Uut-of-Basin Diversion and kemova! of (ontaminated Sediments,
U) Out-of-Basin Diversion ana Containment of Contaminatea

Sediments, )

t) Within-Basin Diversion and Remova® of Contaminated Sediments,
and

F) Within-asin Diversion and Containment of Contaminated
Sediments.

A number of other alternatives, including in-place stabilization or
detoxification ana impounament structures, were considered but proved not
to be feasible.
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These alternatives do not deal with OOTR contamination in the TR.
Concentrations of UDTR in the TR sediments are approximately two orders
ot magnitude velow those in IL, beiny on the order of non-detectable to
0.2 ppm compared to typical concentrations ot 10 to 3V ppm in IC
sediments.

Because of these fow concentratinns and the large area over which low-
level contamination is dispersed in the Tk, mitigation alternatives there
appear to be economically infeasible. The relatively high {(1U to 3U ppm)
concentrations of UUTR in IU channel sediments warrant consideration of
mitigation alternatives in IC upstream to the HSB contluence. [t is
apparent that this level ot contamination is a major source of UUTR in
fish inhabiting lC ana the TKR. Uue to the flows encounterea in IL and
the infeasioility of containment alternatives tnere, the only practical
means of dealing with this contamination is by dredging the seuiments.
with the exception of the natural restoration alternative, all
alternatives presented include the dreuging of IC in addition td
mitigating contamination in HSB.

Presentation of the alternatives will begin with a discussior of relevant
properties of DUT ana physical characteristics of the study area. These

considerations are of paramount importance in assessing the effectiveness
anad environmental acceptanility of the alternatives.

Alternatives © througt. F are centered around one or more of four major
physical actions; dr:dging and disposal, an out-of-basin diversion of
HSB, a within-basin diversion of HSB, and in-place containment of con-
taminated seciments. To avoid redundancy in discussing the alternatives,
these four major actions will pe discussed first on an individual basis,
along with their respective impacts. Each complete alternative will be
discussed in a later section and the major physical actions associated
with it will be referencea to the earlier discussions. Separate sections
appear for areawide environmental monitoring and legislation,
regulations, ano permitting associatead with the alternatives. A summary
cumparison of alternatives is presented in the final section.

4.2 CHARACTERISTICS UF DUT-SEDIMENT ASSOCIATION
4.2.1 Introduction

The dpproacn taken in tnis study is to design a technically feasible and
environmentally sound course of action with respect to alternatives for
removal, containment, and disposal of DUTK-contaminated sediments. The
effectiveness of each alternative is dependert on the properties of LDTK
and the seaiments with which it is associated. The purpose of tnis
section is to summarize those properties which form the basis of the
removal, containment, and disposal alternatives presented.

4.2.2 ULUT Mobility in Sediments C

A1l UDUTK isomers are extremely hyaroptobic, their solubility in water
being on the order of 1.2 ppb. Numerous researchers have reported the
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WHEELER
REFUGE BOUNDARY

FIGURE €. Areal Plan for Hydraulic Dredging in Huntsville Spring Branch
and Indian Creek

SOURCE: WATER AND AIR RESEARCH, INC., 1980
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are dewatered. Factors favoring the environmental acceptapility of this
disposdl technique are summarized in Section 4.2. Another option
considered is to dispose of the dewatered material in an abandoned mine,
prepared in such a manner as to effectively isolate the contaminated
sediments.

4.3.2 Temporary ureaged tiaterial Disposal Area (TUMUA)

Introguction--To implement a dredging alternative it will pe necessary to
site a temporary dredgea material disposal area within reasonable pumping
distance from the areas to be dredged. The disposal area must be
caretully designed to assure containment of the contaminated sediments
and to provide for agequate treatment of the overflow water. The
iocation of tne preliminary selected TDMDA is indicated in Figure 6.

Keturn Water Treatment System--Treatment of the return water will be
necessary before it is discharged to HSB. The proposed treatment system
is designed tor complete solids removal with carbon adsorption to remove
soluble VLTK. Disposal areas sized for bLredging Plans 1 ana Il will
require 2 MuU capacity and that sized for Uredging Plan LIl will require
3 mbu.

Uewatering Uredged material--Uewatering of the dredged material will be
necessdry betore an ultimate disposal option can be carried out, be it
on-site application of a stable impermeable couver, or transportation of
tne material to off-site mine disposal.

A series of studies conducted by the U.S. Army Engineer wWaterways
Experiment Station under the Dredged Material Research Program concluded
that natural evaporative drying witn progressive trenching is tihe nost
efficient and cost-effective method of dewatering fine-grained uJredged
material. Uther methods investigated were the use of underdrains,
horizontal or vertical sand drains, mechanical agitation, electro-
osmusis, and vacuum well pointing. wWhile some of thess methods produce
higher rates of dewatering, they incur high capital and operating costs
ana are not cost-etfective unless constraints, such as time availavle,
preclude natural dewatering.

4.3.3. Uredging HSB and IC Sediments

Uverview-- Channel dredging will proceed in the following sequence:
1) construct necessary access roads along HSB,

2) clear trees and other debris from the channel and bank edges with
a crawler-mounted crane operating from the access road and a
small barge-mounted crane operating in areas inaccessible from
the road,

-

3) dispose of the cleared debris in a landfill, and

26
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4) nydraulically aredge the channel sediments and transport material
via pipeline to the temporary disposal area.

For removing overbank material in Reach A of HSB, the following approach
will be usea:

1) clear veygetation from the overbank,
2) grub all root systems,
3) remove contaminated sediment with a dragline,

4) construct haul roads as necessary as operation progresses into
overbank,

5) dispose of contaminated tree material in landfill, and

b) dispose of contaminated sediment by landfilling in the TOMLA, or
by burial in an off-site mine.

Channel Ureaging--A conventional basket cutterhead dredge such as the
I4-incn tllicott 770 could be employed to dredyge HSB ana 1C channel
sediments. Uredging will commence at HSb Mile 5.6 as soon as sufficient
channel is cleared and proceed downstream, following the snagging
operation.

Uue to the long gischarge distance to the TUMUA (12.5 miles from IC

Mile 0.U) a total of 11 booster pumps will be required in the discnarge
line. Use of electric boosters is recommended, as they are much iore
easily adaptes to d4n integratea central control System to maintain steaay
flow in tne discharge line. A temporary power line carrying primary
voltage (43 kv) would be requirea along the access road to provide power
for tne poosters. spacing power poles at 175 foot intervals and
installing conventional street lights on each would provide adequate
lighting aiong the access road for evening shift wcrk and pipeline
inspection.

Overbank Kerioval--Tne critical overbank area indicated in Figure 6
‘consists of approximately 25 acres and contains an estimated 28 percent
ot the total UUTK in the HSE-IC system., Its removal will require
excavation and disposal of 121,600 cubic yards or sediment. The
non-critical overbank areas of Reach A contains approximately 1.1 percent
ot the total DUTK in the HSB-IC system. In order to remove this

1.1 percent, approximately 235 acres of overbank will have to be cleared
ang grubbed, anu 1,122,400 cubic yaras of sediment will have to be
excavdted.

Removal of the overbank sediments will require clearing all vegetation
and grubbing all root systems. Uisposal of cleared uncontaminated timber
and debris will be provided by the contractor hired for clearing.

KHemoval of the contaminated sediments to a depth of 3 feet can be
accomplished simultaneously with grubbing by a small dragline, operating
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8) Section 2ba of the Tennessee Valley Authority Act,

9) Various Historic and Archaeological Uata Preservation Laws,
10) wlabama Hazaraous wWastes iManagement Act of 1978,

11) Alabama Air Pollution Control Act of 1971,

12) uccupational Safety and Health Administration Legislation,
13) Etxecutive Order 11988, and

14) txecutive Urder 11990.

4.9 PROPUSED ALTEKNATIVES

4,9.1 Alternative A: Natural Restoration

With this alternative, mitigation of UDTR contamination would be left to
natural processes. The key question with this alternative is will tne
situation get better or worse if left alone? For the situation to
improve, one of three things must occur. Either

1) the UUTK must be degraoed to harmless compound%, or

2) the UUTK must become isolated in some manner from the rest of the
environment, or

3) the VUTR must be tlushed out of the system.

Based on the known persistence of DDTR, particularly at the concentra-
tions found in HSB, the natural cegradation rate will be slow. Half-life
may easily be on the order of 20 to 30 years. If this is true, one wouid
expect to have in excess of 50 tons of DUTR in this system 60 years from
now. Thus, natural degradation appears to be only a very long term hope
at best.

Natural isolation of the material from the rest of the environment may be
possible. The most likely mechansism would be natural sediment
deposition which could bury the DUTK. However, the old LUT plant has
been closed for over 10 years and 34 percent of the DDTR is still within
the top 6 inches of seciment, 67 percent within the top 1 foot. Thus, if
significant natural sediment deposition is occurring, it is not readily
apparent.

The third possible means of natural restoration would be for the DUTR to
be flusheg out of the system. Given the mass of DUTR in the HSB-IC
system and the current estimates of transport rates, it appears that
hundreds ot years would be required to flush the system naturally. Even
it this were to uccur, the positive effects on the HSB-IC system would be
more than urtset by the negative impacts on the Tennessee Kiver.

A further negative factor in assessing the potential effectiveness of
this alternative is the relatively small amount of DUTR required to cause
significant contamination. Currently, only 0.& percent of the total UUTR
is in Inoian Creek and fish are contaminated. It the sabstantial
storehouse of UuUTk upstream is left uncontrolled, the threat always
exists that contamination of IC will be maintained or even made worse.




It may be that, given enough time, sufficient DUTF will move 1nto the '«x
to cause even worse contamination problems there.

Un a more positive note, there is the suggestion in some of the bLird

population data from wheeler National Wiidiite Retuge that sone species i
aagversely mpactec by ODUTK have been recovering in recent years.

However, this recovery is not observeg 1in many species. Also, it is not

known whetner the appe~ent recovery in some species is due to local,

regional, or areawide conditions.

The short-term risk of natural restoration 1s relatively low in that the

situation does not appear to be rapidly worsening. Thus, it woulc be

possible to tentatively employ this alternative coupled with continued

monitoring and status reports. Tnis would allow additional time during

which more detinitive information could pe gatnerea to determine

contamination trenos. Such a monitoring program Should include

measurement of GUTR levels in fish, seadiment, water and to a rniore liniited

extent in animals and birds. {(ost would be aepencent on intensity ana

frequency of sampling but is roughly estimated at $600,0U0 per year. !

The selection of the natural restoration alternative woulc have the ‘
advantage of providging time during which new end/or currently unproven
tecnnology could be developed which niignt result in a more cost effective 1

mitigation plan. However, there is nc guarantee that such a plan would
materialize.

In summary, the success ot tne natural restoration alternative depends on
natural actions tnat range in probability from very unlikely to, at best,
possible. On the positive side, it appears that conaitions are not 4
rapidly changing ana tne tentative selection of this alternative would ]
not present a high risk for a significantly worsened situation.

4.9.2. Alternative B: Uredging and Dbisposal

HSB and IC channel sediments would be nydraulically dredged te a depth of
3 feet. Tne critical overbank area would be dragline aredged to a depth _
of 3 feet. Non-critical overbank sediments may or may not be dredged. ]
Hydraulically dredgyed seaiments would be pumpea to tne TDMUA, where they J
would be oewatered. Oragline-dredged sediments would be truck-hauled to

the TOMUA. Tnhe most feasible means of permanent disposal of contaminatea
seaiments is closure of the TDMDA as a permanent landfill.

Implementation Summary--

1) Conduct cultural resources survey of impactec areas and implement
necessary dctions to recover or '.eserve valuable sites.

¢) Construct temporary dredyged material disposal area {TOMDA).

3) Secure lease on return water treatment system anc set up at
TOMDA

, . REVISED APRIL 1984




4) Clear and grub critical overbank area, dredge those sediments
with a agragline to a depth of 3 feet, and dispose of in TUMOUA

5) Construct access roads along the channel and install 43 kv
primary voltage power line with lighted poles

o) Clear all snays and debris from HSB and 1C channels

7) Acyuire 12, l4-inch booster pumps and install 11 of them at
6,0uu foot intervals along access road (one used as spare)

8) Implement monitoring of dredqging operation

Y) Uredge hSB and IC channels with 14-inch cutterhead hyaraulic
dredge to a depth of 3 feet, beyinning at Hdk Mile 5.6. Pump dredged
sediments to TDbA .

lu) ULewater oredged material in the TDMUA

11) Permanently dgispose of DUTR-contaminated sediments by closing
TUMDA as a lanafill

12) Implement areawide environmental monitoring and long-term
monitoring ana maintenance of the permanent disposal site.

Uptions Availaple With Alternative b-- |

1) Kemove noncritical overbank sediments of Reach A to a depth of
3 feet

2) Delete carbon adsorption from retuin water treatment system

3) Remove dewatered sediments from TOMDA and dispose of in an
abandoned mine

4) uvelete aredying of Reach C (IC)
5) Uelete areaging of Keaches B ana C (HSE Mile 2.4 to IC mile 0.0) L

Cost Summary for Alternative o--The cost summary for Alternative 8 is in |
Tabie o. '

Impact Summary tor Alternative B--The environmental impacts of dredging
atd g15posal have been discussed in Section 4.3.6.

with regard to Cultural Kesources, dredging impacts a large number of
hign provapility locations in the proximity of HSE and IC. There is
presently nu way to predict accurately how many sites are located in the
alluvial bottomlands of IC and HSB, now inundated by wheeler Keservoir.
Disposal of dredged material will impact a relatively smaller area with a
high probavility for site locations, as indicateog by the reconnaissance
survey.
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Table &. Cost Summary for Alternative B (As betailed in Table lI1-11
tor Lredging Plan [II)
bredging Reacnes Total Estimated Lost
Plar Incliuued= (Millions of Dollars)
i A 30.91 T
[I A,B 42.53
[rl A,b,C 72.03

tstimatea Eftect of Utner Uptions on Cost Estimate (Millions of Dollars):

-Implement noncritical uverbank KRemoval Option + 1d4.57
-belete Carbon Adsorption From Return Water
Treatuent System - 4.16
-Implement bdine Uisposal (Plan I11) + 15.51
{Incluuing Disposal -.f Noncritical Uverbank Sediments) + 43.37
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4.9.3 Alternative . uut-of-~-basin Diversion and kemoval of Contaminated
Sediments

HSB woula be uivertea from 3 miles upstream of the nighly cantaminated
area directly to the Tennessee River. Channel sediments between HSB
Mile 2.4 ana IC mMile 0.0 would be hydraulically dredged under near-zero
flow canditions. The HSB channel between Miles 2.4 and 5.6 may be
hyaraulically dredyed, or dredged with a dragline if the area is
dewaterea by canstruction of the containment dise illustratea in

Figure 9. Critical overbank sediments would be dragline-dredged and
nan-critical overbank sediments may or may nc- be dredged.

Implementation Summary--

1) Conduct cultural resaurces survey of impacted areas and implement
necessary actians to recover ar preserve valuable sites.

2) Construct out-of-basin diversion of HSB and icDonald Creek
cut-aft channel.

3) Raise Patton Road ta elevation 578 and construct dike northwest
of Patton Koad. Tnis dike combination will serve as a diversion dike for
HSB ana will limit transport of contaminated sediments in HSE during
removal operations

4) Construct TOMDA

5) Secure lease on return water treatment system and set up at
TUMDA

6) Clear and grub critical overbank area, dredge those sediments
with a dragline to a gepth of 3 feet, and aispase aof in TDMUA

7) Oredge HSB and IC channels by one of the two following methods:

a) Hydraulic Uredging as summarized in items (5) through (9) of
Section 4.9.2

b) Construct western containment dike, drainage channel, and
pumping statian as shown in Figure 10 and excavate szdiments
within the containment area (HSB Miles Z.4 to 5.6) to a depth
of 3 feet with a dragline. Dispose of sediments in TDMDA.
Uredge sediments downstream from #5B Mile Z.4 hydraulically
as summarized in items (5) through (9) of Section 4.9.2.

8) Dewater dredged material in TDMDA

Y) Permanently dispose of DUTR-contaminated sediments by closing
TuMbA as a landfill

10} lmplement areawide environmental monitoring and long-term
monitoring and maintenance of the permanent dispasal Site.

Options Aavailable With Alternative C--
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1) kemove noncritical overbank seaiments to a depth of 3 feet

2) Uelete carbon adsorption from return water treatment system

3) Remove dewatered sediments from TOMDA and dispose of in an
abandoned nmine.

4) Delete arecging of Reach C (IC)
5) uelete dredging of Reaches 5 anc C (St Mile 2.4 to IC Mile 0.0)

6) Use alternate alignment for out-of-basin diversion to maintain it
within KSA boundaries

Lost Summary--The cost summary for Alternative C is in Table 9.

Inpact Summary--Tne environmental impacts of out-of-basin aiversion and
ot dredging and disposal have been discussed in Seciions 4.4.5
and 4.3.6.

witn regird to Cultural Kesources, AKlternative C impacts a large number
of hign probabiiity iocations. All probable or potential sites in the
proximity of HSB, IC, and the disposal area woulc be impactea by dredging
assoclatec with this aiternative. In acaition, tne out-of-basin
diversion route affects the largest number of known sites, as well as the
greatest number of sites potentiaily eligible for the National Register.

4.9.4 Alternative U: C(ut-of-gasin Uiversion and Containment of
Contaminateu SeGiments

HS6 woula be diverted from 3 miies upstream of the highly contaminated
area directly to tne Tennessee River. C(nannel sediments between HSB
Mile 2.4 and IC ile 0.0 woula be nyaraulically gredged. A containment
aike as illustrated in Figure 9 woula be constructed. C(hannel and
critical overbank sediments within the containment area would be covered
with compacted clay and clean fill. Non-critical overoank sediments may
or may not be covered.

Inplementation Summary--

1) Corduct cultural resources survey of impacted areas and implement
necessary actions to recover or preserve valuable sites.

2) Construct out-of-basin diversion of hS$8 and McUonald Creek
cut-off channel.

3) Kaise Patton Road to elevation %78 and construct dike northwest
of Patton Koad. This dike combination will serve as a diversion dike for
HY8 and will help contain contaminated sediments in HSB.

4) Construct western containment dike, drainage channel and pumping
station as shown in Figure 10.
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Table Y. Cust Sumuary for Alternative C (As Letailed in Table 111-14)

uredying Metnod(s) Totdl Estimated Cost
utilized (rii1lions of Dollars)
A1l Hydraulic uredging 12¢2.¢5

Uragline Uredging vetween
HSb 1hles 2.4 and b.b,
hemainger Hyoraulically
Uredged 127 .40

tstimated ttrtect of Uther Options on Cost tstimate (Millions of vollars):

-Inplement iwoacritical Uverbank Kemoval Uption in Reacn A  + 4.5/
-Uelete Larbon aAdsorption From keturn water

Treatment System - 4.1b

-1mplement dMine Lisposal + 15.04
{Inciuding visposal of Overbank Sediments) + 43.37

-Uelete hydraulic bUreaging of Reach ( - 17.94
-Delete hyuraulic urecying ot keaches b and C - 2b.93
-Use nlternate Sector Routings to Keep Uiversion

within KSA bounagaries (i.e., Sectors A-Z, b,

-2, D-¢, and t) +  §.22*%

*Cost increase is atiributed almost entirely to the increased amount of
bedrock expected to be encountered quring excavation ¢! the channel.
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%) Clear and grub critical overbank area. Remove snags and debris
from hSB channel.

6) Cover critical overbank and channel sediments within the
containment area with a minimum of b inches of compacted clay ana 18
inches of soil suitable for supporting vedetative cover.

7) Establish vegetative cover on placed fill.

8) Uredye contaminated channel sediments downstream from HS5b
Mile 2.4 as summarizea in items (1) through {(11) of Section 4.9.2

Y) lmplement areawide environmental monitoring and lung-term
monitoring and maintenance of the permanent disposal site.

Uptions Available Wwith Alternative b--

1) Apply cover to entire overbank area within containment.
2) Uelete carbon adsorption from return water treatment system.

3) Kemove dewatered dredged sediments from TOMUA ana dispose of in
an dabandoned mine.

4) Delete hyaraulic dredging of Keach ¢ (IC).

5) Lelete hydraulic dredging of Keaches B anda C (HSB Mile 2.4 to IC
Hile v.u).

b) Use alternate alignment ftor out-of-pasin diversion to maintain it
within kSA boundgaries.,

Cost bunmary--The cost summary for Alternative D is in Table 9.

Inpact Summary for Alternative U--The environmental impacts of

out-ot-basin diversion and of containment have been discussed in
Sections 4.4.5 and 4.6.4.

With reyard to Cultural resources, Alternative D impacts a large number
of high probability locations. All probable or potential sites in the
proximity of HS, IC, and the disposal area woula be impacted by dredging
or covering associated with this alternative. In acddition, the
out-ot-basin aiversion route affects the laryest number of known sites as
well as the greatest number of sites potentially eligible for the
fiational Register. Construction of the dewatering dike north of HSB may
inpact additional sites in a high probability area.

4.9.5 Alternative £E. Within-Basin Diversion and Removal of tontaminated
Sediments v

HSB woula be divertea around the nhighly contaminated channel between
Miles 3.9 and 5.b. A containment dike as illustratea in Figure 8 would
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Tablé 1. Cost Summary for Alternative U (As Uetaileg in Table I111-17)

Areal txtent of

Lover Application Total Estimatea Cost

Within Containment (Millions of uvollars)
Channel and Critical Uverpank Unly 122.49
Channel and Entire Uverbank 129.7/

Estimated Ettect of Uther Uﬁtions on Cost kstimate (Millions of Dollars):

-belete Larvon Adsorption From Keturn water

Treatment >dystem g - 4,10
-lmplement rine Lisposal + 1¢.40
-belete Hyaraulic Uredging of reach C - ¢9.02
-belete niydraulic Uredying of keaches b ang C - 40.64
-Use Alternate Sector Koutings to Keep Diversion Within

KSA Bounaaries + 8.2¢
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be constructed. HSB and IC channel sedinents downstream from the
containment area would be hydraulically dredged. Channel seciments
within the containment area may be hydraulically dredgeo under near-zero
flow conditions, or dragline dredged if the containment area is
dewatered. Critica) overbank sediments would be dragline dredgea, and
non-critical overpank sediments may or may not be oredged.

Implementation Summary-

1) Conduct cultural resources survey of impacted areas ana implement
necessary actions to recover or preserve valuable sites.

2) Construct within-basin diversion and diversion/containment dike.

3} Construct TUMDA.

4) Secure lease on return water treatment sysiem and set up at

TUMDA.

5) L(lear anu ygrub critical) overbank area, dredge those sedinents
with a dragiine to a depth of 3 feet, and dispose of in TUMUA.

) Uredge hi and iC channels by one of the two tollowing methoos:
a) Hycgraulic dredging as summarized in items (5) through (9) of

Section 4.9.2.

b) Uragline dredge HSB chiannel sediments within the containment
area (HYy Miles 4.0 to 5.6) to a aepth of 3 feet. Dispose of
sediments in the TOMDA. Uredge seaiments downstream from HSB
Mile 4.0 hydraulically as summarized in items (5) througn (Y) of

Section 4.9.2.

7) Uewater dreaged material in TDMDA.

8) Permanently dispose of DUTR-contaminated seaiments by closing

TuMDA as a lanatill.

9) Implemeat areawide environmental monitoring and long-term
monitoring and maintenance of the permanent disposal site.

Uptions Available with Alternative E--

1) Kemove non-critical overbank sediments to a oepth or 3 feet.

2) uelete carbon adsorption from return water treatment systeri.

3) Kemove oewatered sediments from TOMUA and dispose of in an

abandoned mine.

4) ULelete dredging of keach C (IC).

5) ULelete oredging of Keaches B and C (HSt Mile 2.4 to IC

Mile 0.0).
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Cost Summary--The cost summary for Alternative £ is in Table lu.

S —

Impact Summary tor Alternative k--The environmental impacts of
witnin-pasin Jiversion and of dredying and disposal have been discussed
in Sections 4.9.5% and 4.3.6.

Witn regard to Cultural Resources, all probable or potential sites in the
proximity of #HS8, IC, and the disposal area would be impacted by dredging
associatea with Alternative t. In addition, the within-basin diversion
channel and dikes will impact one reported site and possibly other
potential sites.

4.9.0 Alternative F: Within-Basin Uiversion and Containment of
Contaminated Sediments

hSb woula be aiverted arouna the nignhly contaminated channel between
Miles 3.9 and 5.6. A containment dike as illustrated in Figure 8 would
be constructea. HSB and IC channel sediments downstream from the
containment area would be hydrautically dredged. Channel and critical
—————gvervank Sediments within the containment area would be covered witn
compacted clay ana clean fill. Non-critical overbank sediments may or
may not be covared. An option is given to construct a disposal area
witnin the diversion/containment dike for sediments dredged downstrean {
from HSB wile 3.9.

Implementation Summary- -

1) Conduct Cultural resources survey of impacted areas and implement
necessary actions to recover or preserve valuable sites.

2) Construct within-pasin diversion and diversion/containment dike.

3) Llear and grub critical overbank area. Kemove snags and debris
trom the HSB channel.

4) Cover critical overbank and chaunel sediments within the
containment area with a minimum of 6 inches of compacted clay and 18
inches of soil suitable for supporting vegetative cover.

i

5) Establish vegetative cover on placed fill. [ 3

b) Uredye contaminated sediments downstream from HSB Mile ¢.4 as
summarized in items (1) through (11) of Section 4.9.2.

7) lwplement areawide environmental monitoring and long-term
monitoring and maintenance of the permanent disposal site.

Uptions Available With Alternative F-- 3

1) Use within-basin diversion containment area for'disposal of
dredyed material.
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Table 11. Cost Summary for Alternative E (As Detailed in Table .11-20)

bredging hMethod|s)} Total Estimated Cost
Utilized {(Millions ot ULollars)
A1l Hydraulic Ureaging 9Yu.6/
Dragline bredying Between
HSE Miles 2.4 ang 5.b,
kKemainder Hyuraulically
bredgea yl.43

tstimatea trfect of uther Uptions on Cost tstimate (Millions

or Dollars):

-lrplement Noncritical Overpank Removal Option in keach A+
-Uelete Carbon Adsorption From Return Water
Treatment Systemn
-Implement Mine Disposal
{Including Disposal of Overpank Sediments)
-velete hydraulic Ureuyging of Keach C
-belete Hyaraulic Dra2dging of Reacnes ¢ and C

"+ +

14.57

4.16
16.51
45.37
29.02
4U.63
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¢) Cover non-critical dverbank sediments
3) Uelete carbon adsorption from returf water treatment system

4) kowove dewatered sediments from TUMDA and dispose of in an -
abangoned mine .

5) Uelete dredyging of Reach C (IC)

b) Uelete oredging of Reaches B and C (HSb Mile 2.4 to IC Mile U.0)
Lost Summary--Tne cost summary for Alternative i is in Table 11.
Impact Summary for Ahlternative F--The environmental impacts of

witnin-basin oiversion arg ot containuent have been oiscusseo in
Sections 4.5.5 ana 4.6.4.

With regarg to Cultural Kesources, all probable or potential sites in the
proximity of HSB, IC, anu the disposal area would be impacted by dreaging
or covering associated with Alternative F. In addition, the within-basin
oiversion cnannel and dikes will impact one reported site ano possibly
other potential sites.

5.0 PREVICTEL EFFECTIVENESS UF MITIGATION ALTERNATIVES

There are several measures by which the effectiveness of a mitigation
alternative can be estimated. These include the following:

1) Percent or mass of contamination contained in-place

2) Percent or mass of contamination removed and disposed of

3) HResioual contamination left in the system and the potential for its
mitigation by natural processes

4) ODegree of snort-term transport of UDTR downstream during
implementation

5) The time required for UDTk levels in biota (particularly fisn) to
reach acceptably low levels.

The oistinction is made between items 1) and 2) because there is an
innerent aifference in effectiveness between the two. Covering
contamineted sediments in place can be assuiled to be near 10U percent
effective, provided proper long-term maintenance is implementea.
Kemoving and disposing of contaminated sediments is subject to the
following shortcomings which preclude its being 100 percent eftective:

0 Some degree of residual contamination will inevitably ve left
behinag

0 Short-term transport of DUTK to tne Tk will occur to an undeter-
mined extent during oredging

»

o Tne potential for leakage or spillage during remov. operations.
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Table 1¢. Cost Summary for Alternative F (As Detaileo n Tavle [11-23)

Uisposal Uption Total tstimatec Cost
lmplementea (Mi1lions of Dollars)
Jse Tk

-excluding overbank covering option
-incluaing nverbank covering option

Use witnin-Basin viversicn Containnent
Area tor Disposal Area

88.3¢
Y4, 36

85.30

Estimated tffect of uther Uptions on Cost Estimate (Millions

ot Uollars;:

-Uelete Carbon mdasorption From Keturn water

Treatment System -
-lmplement Mine Disposal +
-velete Hydrauiic Uredying of ReaCn C -
-Uelete ryuraulic Ureaging of Reaches & ana ( -
-Ubtuin LN-%1te sorrow material tor Construction and

Closure or Uisposal Site Within the Lontainment Area

(Suitability must be determined) -

4.16
i4.0uU
29.0¢
4U.063

5.09
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‘The a@gree to Whicn these occur Gan be minimized by careful momitdring
.and control of the dredying operation. Hhowever, since they will
inevitably occur t6 some extent, dredging and removal can be assumed
somewhat less effective than in-place containment.

The etfectiveness of any of the alternatives is affected by residual
contamination which can result trom (1) areas of contamination where no
direct mitigation is attempted and (2) contamination remaining due to
inefficiency in the mitigation technique applied. uUbviously if a
gecision is made not to dredge the lower reaches of IC, the contamination
left in this area will reduce the effectiveness of the alternative.

[tem 4 pertains strictly to dredging. The degree to which downstream
uUTR transport occurs dependas on the alternative selected as well as
turbidity control at the dredge head. A within-hasin diversion will
eliminate UUTK transport from the highly contaminated area within the
containment dike, but will affora no protection outside the dike. The
out-of-basin giversion can eliminate DUTR transport from areas upstream
ot Uoda Koad as well as greatly reduce it below Uodd Koad and in IC.

A compdarison cf etfectiveness of alternatives (excluding any
cunsideration ot biota contamination) is given in Table [I-54.

Finally, a key tactor is the effectiveness of an alternative in reducing
VUTR levels in fish to helow the S ppm FUA gquideline. Unfortunately,
this is probably the most difficult measure of effectiveness to predict
~ith accuracy. On the one hand one can state that removal or isolation
ot a nigh percentage ot the DUTK in the HSB-IC system can, in the long
term, only nelp the situation. Yet because of the high prtential for
signiticant tish contamination trom even low residual levels of UUTK, one
cannot easily predict how quickly positive results can be realized
following a clean-up effort.

Several factors shoula be considered in attempting to judge how long it
might take tor UUTK levels in fish to be reduced to below 5 ppm. These
include current contamination levels, method of cont~aination, de-
gradation of UUTKR by natural processes, effectiveness of DDTK removal,
and rate at which fish can excrete or break down DLUTR. In Appendix II,
Section 5.3, these factors are considered in some depth. Channel catfish
in Wheeler Reservoir downstream of I[( appear to have UUTk concentrations
on the order of lU ppm due to very low level contamination of either or
both sediment and water. Near IC DDTR levels in channel catfish are
higher which may be due to higner localized sediment or water UDTR
concentrations and/or to migration of fish in and out of IC. Neverthe-
less, it appears that for channel catfish bioconcentration of UUTR
produces *ist concentrations in excess of 5 ppm from extremely low
environmental concentrations. Hence, it is not reasonable to expect
channel cattish DOTk levels to drop below 5 ppm until environmental DUTR
levels are reduced below what currently exists i1 the TK. Presently this
level 1s below what might reasonably be expected to initially remain in
[C and HSb after a mitigation alternative was completed. Further, these
levels of DUTR in the TR water and sediment would still be present even
it a mitigation alternative were completed. tollowing the completion of
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any of the alternatives except natural restoration, it is assumea tnat
the flow or UUTK to the TK would be significantly reducea. with little
or no "fresh" DUTR entering the river, it coulo be expected tnat existing
concentrations would go down.

Unfortunately, no data exists regarding natural degradation rates for
DUTK under conditions similar to those found in IC and TR. Uata for
breakdown rates in soils show figures ranging from less than one year to
greater than 30 years depending on a number of conditions. Under the
assumption that some mitigation action had essentially eliminatea the
movement of UUDTR from IC to the Tk ana that natural breakaown in an
aquatic environment might roughly parallel breakaown in tne soil,
significant reauctions in DDTR might occur in roughly 1-30 years.

Since the uptake and reduction of DDTKR in fish has been shown to occur in
significantly shorter time spans than appear to be required for natural
degradation of DUTK, it is assumed that the fish are at or near equili-
brium with respect to DDTR in the environment. Consequently, one woula
expect DUTR levels in fish to closely parallel reductions of DOUTk in the
environment.

If the assumptions and conditions noted above are valid, it might take
from a relatively few to 30 or more years for DDTk levels in channel
catfish in the TR to drop below the 5 ppm guideline following completion
of one of the action alternatives. Further, since any of the action
alternatives will leave at least some residual amounts of DOTR in IC
above what currently exists in the Tk, the channel catfish in IC can be
expected to remain contaminated for even longer periods of time.

No aifference between the action alternatives can be detailed regaraing
how quickly DDTR levels in channel catfish in IC and HSB can be reduced.

The natural restoration alternative is predictea to be ineffective in
controlling UDTR contamination of the HSB-IC-TR system.
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IIT. APPcNDIX III: ALTERNATIVES FUR MITIGATION OF LUT CUNTARINATION In
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Uike
10.3 MITIGATIUN 8Y AKEA
10.3.1 Contaminated Area
10.3.2 Uredgea Material Uisposal Sites
10.3.3 Out-of-Basin Diversion Channel and Uikes
10.3.4 wWithir-Basin Uiversion Channel and Contain-
ment Ulke
10.4 IMPACTS AND MITIGATION FOR EACH ALTERNATIVE

11.0 ENVIKUNMENTAL IMPACTS OF THE ALTERNATIVES

11.1 INTRODULTIUHK

11.2 UREDGING AND DISPOSAL

11.3 WUT-UF-BASIN DIVEKSIUN OF HUNTSVILLE SPRINu BRANCH
11.4 WITHIN-BASIN DIVERSIUN OF HUNTSVILLE SPRING BRANUH
11.5 CONTAINMENT WITH OUT-OF-BASTiV DIVERSIUN

11.6<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>